In the bioassay by endogenous antifungal substances among 147 genotypes, Fol 4 strain was more sensitive to antifungal effect of the substances than Fol 11 strain. The root extracts showed higher antifungal effects than the bulb extracts. Twenty-two Asiatic hybrids including 'Monte Negro', 17 Oriental hybrids including 'Sartre' and LA hybrid 'Abba' were selected as breeding parents by antifungal activity tests with the endogenous substances. Those occupied 60% of Asiatic hybrids, 30% of Oriental hybrids and 5% of L. longiflorum and its hybrid among the total genotypes tested. For the breeding of LA and LO hybrids resistant to Fusarium oxysporum f. sp. lilii, L. formolongi (female) and Asiatic hybrid (male) were crossed and eight F 1 hybrids were selected, and then, a screening test for resistance to Fusarium oxysporum by endogenous antifungal substances was carried out. 'Hae-wool', 'Sinavro' and LA 96-16 were classified as highly resistant cultivars and 'Supia' and 'Doran' as moderately resistant ones to Fusarium bulb-rot disease.
INTRODUCTION
The lily (Lilium spp.), a vegetatively propagated perennial crop, is cultivated worldwide as a cut flower, pot, and garden plant. Eleven lily species, including L. hansonii, are distributed in Korea. Korean lily cultivation for cut flowers has increased from 84 ha in 1990 to 230 ha in 2002, and the import of lily bulbs from the Netherlands has also increased. Currently, the lily is the third crop after chrysanthemum and rose.
The soil-born fungus Fusarium oxysporum f. sp. lilii Imle causes bulb rot disease, especially at the scale bulblet stage (Straathof and Loffler, 1994a) , and is the most serious threat to bulb and flower production of lily. An environmentally safe method to overcome this problem would be the cultivation of resistant cultivars. In order to select new Fusarium resistant lily cultivars, screening tests at clonal level (Straahof and Loffler, 1994a) , seedling level (Straahof and Loffler, 1994b) , in vitro selection by fusaric acid (Loffler et al., 1992) and indirect selection by molecular marker (Straathof et al., 1996) have been developed. In the Fusarium-lily interaction, high resistance has been reported (Imle, 1942a, b; Smith and Maginnes, 1969; Maginnes and Smith, 1971; Van Tuyl, 1980; Loffler and Mouris, 1989; Straathof and Van Tuyl, 1994; Lim, 2003) .
The objective of this research was to evaluate the genetic variation of resistance against Fusarium using endogenous anti-fungal substances of some lily species, hybrids and breeding lines. Information about the levels of Fusarium resistance in Lilium genotypes, in relation to the usefulness of these genotypes in interspecific hybridization programmes, is a prerequisite for future breeding strategies.
MATERIALS AND METHODS

Plant Material
In the spring of 2001, bulbs and roots of 147 genotypes consisting of four species, 78 Asiatic hybrid cultivars, 30 Oriental hybrid cultivars, 12 genotypes of L. longiflorum, 12 genotypes of L. formolongi and 11 interspecific hybrids selected from the NHRI Lilium collection were used. For the extraction, 100 g bulb scales and 50 g roots of each cultivar were added to 5 volumes of 80% ethyl alcohol and mixed by a blender. After homogenizing, the samples were shaken at 50-70 rpm for 2-3 days at 5°C. Bulb or root particles were removed by filtering the suspension over cheesecloth. The remaining suspension was centrifuged at 7,000 rpm for 30 min and again filtered. The upper suspension was vacuumed completely at 37°C by rotary evaporator. The residue was dissolved in 100 ml distilled water and used as stock material for the test.
Fungus
Two highly aggressive monospore isolates of Fusarium oxysporum f. sp. lilii (CPRO-Fol 4 and CPRO-Fol 11) released from PRI of the Netherlands were used. Stock material, stored on Protect Bacterial Preservers at -80°C, was propagated on Czapek-Dox agar medium before experimental use. For inoculation, the fungus was incubated for two weeks at 23°C and the fully-grown fungus cluster was punched 3 mm diam size and inoculated on the extracts from bulb and/or root tissues of each cultivar.
Bioassay Test
The extracts of bulb and/or root tissue of 147 genotypes were diluted 0, 500, 1,000, 2,000 and 4,000 ppm concentration on the criterion of dry weight per material. The experiment was arranged in 3 blocks of each concentration of each extract of bulb and/or root tissue of 147 genotypes. The extracts of each concentration included PDA medium were autoclaved and plated (25 ml) on 5 cm diam petri-dishes. Fungi plugs (3 mm diam) were then inoculated on each plate. The petri-dish of each genotype inoculated fungus was placed in the culture room with light continuously for 2 weeks at 25°C. Observations were made 10-14 days after fungus was inoculated. The mycelial growth of Fusarium oxysporum f. sp. lilii strain 4 and 11 as influenced by extracts from bulb and/or root tissues of 147 Lilium genotypes was measured when the mycelial growth of control was grown fully. The level of resistance to Fusarium was divided by the mycelial growth of each genotype compared with the control cultivars 'Connecticut King' and 'Orlito' as highly resistant. According to the mycelial growth, colony diameter of 3-10 mm in the bioassay is highly resistant, one of 11-20 mm, 21-30 mm and 31-48 mm in the bioassay is included as resistant, moderate resistant and susceptible, respectively ( Fig. 1) .
RESULTS AND DISCUSSION
The mycelial growth of Fusarium oxysporum f. sp. lilii strain 4 and 11 as influenced by extracts from bulb and/or root tissues of 147 Lilium genotypes was observed. In most lily groups, the Fol 4 strain was more sensitive to antifungal effect of the substances than the Fol 11 strain. The root extracts showed higher antifungal effect than the bulb extracts (Fig. 3) .
In Asiatic hybrids of 80 genotypes, the antifungal activity of both root and bulb extracts of ten cultivars including 'Monte Negro' was very strong against Fol 4 and 11 strains (Table 1) . Root tissue extracts of six cultivars including 'Sunray' were found to have strong antifungal effects against both fungi and five cultivars and L. dauricum were shown highly or moderately resistant against the Fol 4 and Fol 11 strains, respectively. The level of the Asiatic cultivars 'Orlito' and 'Connecticut King' was resistant. A similar resistant level was observed by Straathof and Tuyl (1994) and 'Sunray', 'Chianti', 'Beatrix' and 'Sanzio' were also resistant as Lim (2003) has reported. Fig. 3 shows the antifungal effects of concentration of extracts. The effects increased with increasing concentration.
In 31 Oriental genotypes, only root tissue was found to have antifungal properties, and was stronger against Fol 4 than Fol 11, similar to Asiatic hybrids (Table 2) . Five cultivars including 'Sartre' were highly resistant to both of fungi and 12 cultivars including 'Time Out' were resistant to moderate resistant.
'Snow Queen' of L. longiflorum was moderately susceptible compared with the other cultivars of L. longiflorum. A similarity was found in L. formolongi (Fig. 4) . Straathof et al. (1994) has reported that the level of resistance of the Oriental hybrids ('Acapulco', 'Stargazer') and L. longiflorum ('Snow Queen', 'Gelria') was less as compared to the most resistant Asiatic hybrid lilies. Fig. 5 shows the antifungal activity of LA hybrids to Fol 4 and 11 strains. The root tissue extracts of 'Abba' was resistant to Fol 4 and 11 strains. 'Casa Rosa', 'Coral Fashion' and 'Salmon Classic' were moderately susceptible. The rest of the LA cultivars was susceptible.
The antifungal activity of 147 genotypes in Lilium is shown in Fig. 2 . The resistant level of Asiatic hybrids is the most resistant and Oriental hybrid, LA interspecific hybrids, L. formolongi and L. longiflorum the most susceptible. Sixty percent of Asiatic hybrids, 30% of Oriental hybrids and 5% of L. longiflorum and its hybrids were resistant.
Within cultivars of L. longiflorum, variation in resistance was found, although the level of resistance was lower than in the most resistant Asiatic hybrid lilies. The level of resistance of the L. formolongi cultivars 'Raizan' and 'F 1 August' which were used mainly as the female plants for the NHRI LA-hybrids was very low. The L. formolongi was originated from L. formosanum, which is also very susceptible to virus.
In this study, additional genetic variation (Straathof et al., 1993 (Straathof et al., , 1994 to Fusarium resistance in lily was investigated. Knowledge of this variation within the cultivar groups in combination with screening tests can lead directly to resistance breeding programmes. Interspecific hybridization can also be helpful to enrich cultivar groups with Fusarium resistance found in non-related species.
The levels of Fusarium resistance of seven standard cultivars used as controls in this study coincided with earlier tests (Straathof et al., 1993 (Straathof et al., , 1994 .
Interspecific crosses between L. longiflorum and Asiatic hybrid lilies gave rise to the so called, LA-hybrid lilies (Van Tuyl et al., 1988) . LA-hybrid lilies resistant to Fusarium can be made by crossing between resistant Asiatic hybrid lilies and cultivars of L. longiflorum. In this study, the progeny of the resistant Asiatic hybrid lilies was crossed with cultivars of L. formolongi showed high resistance levels (Fig. 7) .
Based on existing interspecific hybridization protocols and the new hybridization techniques, which are being developed, it is expected that Fusarium resistance from some of Lilium species can be exploited to the Asiatic hybrids. 
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